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(57) ABSTRACT

An apparatus for forming a three-dimensional object by
stacking and gluing sheets together includes a table arranged
and constructed to move 1n a vertical direction and to
support a stack of lower sheets, a means for interposing an
adhesive between the stack of lower sheets and an upper
sheet that will be placed on top of the stack of lower sheets,
a means for pressing the upper sheet and the stack of lower
sheets together with the adhesive disposed therebetween, the
pressing means being disposed 1n a fixed position above the
table and pressing the upper sheet and the stack of lower
sheets against the table when the table 1s vertically raised,
and a cutting knife cutting only the upper sheet into an
ciiective area and a waste areca without cutting the lower
sheets. The cutting knife 1s arranged and constructed to
move horizontally between the pressing means and the table
when the table 1s disposed 1n an upper sheet cutting position.

23 Claims, 14 Drawing Sheets
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SHEET LAMINATION MODELING
APPARATUS

This application 1s a divisional of U.S. application Ser.
No. 09/041,634, filed Mar. 13, 1998, now U.S. Pat. No.

6,056,843 which 1s a continuation of U.S. application Ser.
No. 08/663,081, filed Jun. 25, 1996, now abandoned, which

application 1s a U.S. National Phase Filing of PCT/JP94/
02029 filed Dec. 1, 1994.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mnvention relates to a technique of forming a
solid object, and more particularly to a method of forming
a three-dimensional object easily with high accuracy by
stacking and gluing sheets together and to a sheet lamination
modeling apparatus.

2. Description of the Related Art

Conventionally, 1n order to fabricate a three-dimensional
model having a complicated configuration, there has been
proposed a method of stacking paper sheets on which
heat-melting adhesive has been applied beforehand.

In this method, after stacking sheets one on the other, the
sheets are glued together by heating the sheets with a hot
roller. Then, an upper sheet 1s cut along a contour of a region
constituting the three-dimensional object to be obtained.

However, according to this method, it was difficult to
stack and glue paper sheets together with high accuracy to
thereby fabricate a three-dimensional object having suffi-
cient adhesive strength without separation of stacked sheets.

Further, paper sheets are subject to deformation by the
ciiects of pressure, humidity, or the like. Additionally, with
a certain thickness of the adhesive layer between the paper
sheets, 1t was difficult to control the thickness 1n one
adhesive layer to be even or to control the thickness of each
adhesive layer to be the same. Therefore, 1t was difficult to
ensure high fabricating accuracy of the three-dimensional
model.

As an alternative way to fabricate a three-dimensional
model, there has been proposed a photo-solidification mod-
cling method. However, this method requires a step of light
exposure by using a photo-solidifying resin. Therefore, the
initial cost for preparing the equipment for performing this
method 1s high, and the formed surface needs alcohol
cleaning. Further, a secondary solidifying process 1s
required after forming a model 1n order to obtain a perfect
polymerization, so that 1t was ditficult to fabricate such a
three-dimensional object in an ordinary office.

SUMMARY

Therefore, the present invention provides a sheet lamina-
tion modeling method which can easily fabricate a three-
dimensional object having sufficient strength without sepa-
ration of stacked sheets.

Further, the present invention provides a sheet lamination
modeling method which can fabricate a three-dimensional
object having high accuracy.

Further, the present invention provides a sheet lamination
modeling apparatus which can fabricate a three-dimensional
object with high accuracy.

(1) A first aspect of the invention provides a method of
forming a three-dimensional object by stacking and gluing
sheets together, which comprises the steps of providing a
lower sheet cut into an effective areca constituting the three-
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dimensional object and a waste area not constituting the
three-dimensional object, providing an upper sheet to be
stacked on top of the lower sheet, the upper sheet having an
ciiective area constituting the three-dimensional object and
a waste area not constituting the three-dimensional object,
supplying an adhesive between the lower sheet and the
upper sheet and onto an area which extends outwardly of an
overlapping area covering both the effective area of the
upper sheet and the effective area of the lower sheet, thereby
forming an effective adhesive layer, gluing the lower sheet

and the upper sheet together, and cutting the upper sheet into
the effective area and the waste area.

According to this method, the upper and lower sheets are
olued together by supplying the adhesive onto an arca larger
than an area covering both of the effective areas of the upper
and lower sheets (hereinafter referred to as an overlapping
area). Thus, the upper and lower sheets are reliably glued
together on the overlapping area, and a three-dimensional
object having great strength without separation or deforma-
tion can be obtained with ease.

(2) A second aspect of the invention provides a sheet
lamination modeling method according to the first aspect of
the 1nvention, which comprises the additional step of form-
ing an auxiliary adhesive layer by supplying the adhesive
less densely than the effective adhesive layer, onto the
outside of the effective adhesive layer.

According to this method, with the auxiliary adhesive
layer, the sheets can be supported during gluing and cutting
operation. Thus, positional errors during gluing and cutting
operation can be reduced and warps of the sheets can also be
reduced.

(3) A third aspect of the invention provides a sheet
lamination modeling method according to the first aspect of
the mvention,: wherein the adhesive 1s applied by electro-
static transfer.

According to this method, the adhesive can be applied by
clectrostatic transfer. Thus, it 1s possible to simply and easily
fabricate a three-dimensional object 1n an ordinary office,
and the amount and the position of the application of the
adhesive can be set on a CAD system.

(4) A fourth aspect of the invention provides a sheet
lamination modeling method according to the first aspect of
the mvention, wherein the upper sheet and the lower sheet
are glued together under pressure.

According to this method, the effective adhesive layer
(and the auxiliary adhesive layer) can be formed by pres-
surization. Thus, it 1s possible to make the lamination height
of the object constant and to eliminate warps which may be
cgenerated on the stacked sheets. As a result, flatness of the
stacked sheets can be secured and maintained, so that an
object having sufficient accuracy can be obtained.

(5) A fifth aspect of the invention provides a method of
forming a three-dimensional object by stacking and gluing
sheets together, which comprises the steps of providing a
lower sheet cut into an effective area constituting the three-
dimensional object and a waste area not constituting the
three-dimensional object, providing an upper sheet to be
stacked on top of the lower sheet, the upper sheet having an
ciiective area constituting the three-dimensional object and
a waste arca not constituting the three-dimensional object,
supplying an adhesive between the lower sheet and the
upper sheet, impregnating the adhesive 1nto the upper sheet
and the lower sheet under pressure, thereby forming a joined
layer, and cutting the upper sheet into the effective area and
the waste area.

According to this method, the adhesive 1s impregnated
into both the upper and lower sheets by pressurization to
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form the joined layer through which the both sheets are
tightly joined together. Thus, it 1s possible to eliminate
fabrication errors which may be generated by the thickness
of the adhesive layers, so that a three-dimensional object
having high accuracy can be obtained.

Further, the impregnated adhesive forms the joined layer
flat by pressurization at one time. Thus, 1t 1s possible to
restrain warps or like defects of the sheets caused by
moisture absorption, to thereby maintain flatness of the sheet
lamination, and to secure the fabricating accuracy.

(6) A sixth aspect of the invention provides a sheet
lamination modeling method according to the fifth aspect of
the mvention, wherein the adhesive 1s applied by electro-
static transfer.

According to this method, the adhesive 1s applied by
clectrostatic transfer, and thus, the amount and the position
of the application of the adhesive can be easily controlled,
so that a three-dimensional object having a complicated
shape: can be obtained.

(7) A seventh aspect of the invention provides a method
of forming a three-dimensional object by stacking and
cgluing sheets together, which comprises the steps of pro-
viding a lower sheet cut into an effective area constituting,
the three-dimensional object and a waste area not constitut-
ing the three-dimensional object, providing an upper sheet to
be stacked on top of the lower sheet, the upper sheet having,
an elfective area constituting the three-dimensional object
and a waste area not constituting the three-dimensional
object, supplying an adhesive between the lower sheet and
the upper sheet, gluing the lower sheet and the upper sheet
together under pressure, cutting the upper sheet into the
ciiective area and the waste area, thereby forming a sheet
lamination block including the three-dimensional object,
and pressing the sheet lamination block until the adhesive
interposed between the sheets of the sheet lamination block

1s hardened.

According to this method, the sheet lamination block 1s
continued to be pressed even after completion of the stack-
Ing operation, so that generation of warps by hardening the
adhesive 1nterposed 1n the sheet lamination block 1s
restrained. Thus, a three-dimensional object having high
accuracy can be obtained with ease.

(8) An eighth aspect of the invention provides a method
of forming a three-dimensional object by stacking and
cgluing sheets together, which comprises the steps of pro-
viding a lower sheet cut into an effective area constituting,
the three-dimensional object and a waste area not constitut-
ing the three-dimensional object, providing an upper sheet to
be stacked on top of the lower sheet, the upper sheet having
an elfective area constituting the three-dimensional object
and a waste areca not constituting the three-dimensional
object, supplying an adhesive between the lower sheet and
the upper sheet, gluing the lower sheet and the upper sheet
together under pressure, cutting the upper sheet into the
cffective area and the waste area, thereby forming a sheet
lamination block including the three-dimensional object,
melting the adhesive interposed between the sheets of the
sheet lamination block, and hardening the melted adhesive.

According to this method, after completion of the stack-
ing operation, the adhesive interposed between the sheets of
the sheet lamination block 1s melted and then hardened.
Unlike the case where the adhesive 1s hardened during the
stacking operation, all the sheets are glued together by
hardening the adhesive under a state of less thermal
distortion, so that generation of warps in the whole finished
three-dimensional object can be prevented. Thus, a three-
dimensional object having high accuracy can be obtained
with ease.
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(9) A ninth aspect of the invention provides a sheet
lamination modeling method according to the eighth aspect
of the invention, wherein, 1n the step of hardening the melted
adhesive, pressurization of the sheet lamination block 1s
continued until the adhesive 1s hardened.

According to this method, the adhesive interposed
between the sheets forming the finished three-dimensional
object 1s melted and then harden while being pressurized.
Thus, warps caused by such hardening or warps already
cgenerated 1n the object can be effectively eliminated, so that
a three-dimensional object having sufficient accuracy can be
obtained with ease.

(10) A tenth aspect of the invention provides a method of
forming a three-dimensional object by stacking and gluing
sheets together, which comprises the steps of providing a
lower sheet cut into an effective arca constituting the three-
dimensional object and a waste area not constituting the
three-dimensional object, providing an upper sheet to be
stacked on top of the lower sheet, the upper sheet having an
cilective arca constituting the three-dimensional object and
a waste area not constituting the three-dimensional object,
supplying an adhesive between the lower sheet and the
upper sheet, gluing the lower sheet and the upper sheet
together under pressure, and cutting the upper sheet 1nto the
effective area and the waste area, wherein, 1n the above
steps, the adhesive 1s maintained 1n a melted state to thereby
form a sheet lamination block including the three-
dimensional object, and the sheet lamination block 1s pres-
surized until the adhesive interposed between the sheets of
the sheet lamination block 1s hardened.

According to this method, the sheets are not glued
together during stacking operation, but the sheets are
stacked to form the sheet lamination block with the adhesive
held 1n a melted state, and after completion of the stacking
operation, the adhesive interposed between the sheets is
hardened while being pressurized. Thus, warps by internal
stress are reduced which may be generated when the adhe-
sive 1s hardened during the stacking operation for each sheet,
so that a three-dimensional object having sufficient accuracy
can be obtained with ease.

(11) An eleventh aspect of the invention provides an
apparatus for forming a three-dimensional object by stack-
ing and gluing sheets together, which comprises a table
which moves upwardly or downwardly and on which a
lower sheet cut 1nto an effective area and a waste area 1s
placed, mterposing means for interposing an adhesive
between the lower sheet and an upper sheet to be stacked on
the lower sheet, pressing means fixedly disposed at a pre-
determined position for gluing together the upper sheet and
the lower sheet on the table when the table 1s raised, and
cutting means for cutting the upper sheet 1into an effective
arca and a waste area.

According to this apparatus, by the upward or downward
movement of the table acting as a sole movable part, the
sheets are moved to a bonding position or to a cutting
position to adjust the bonding strength or the cutting height
of the cutting means, thus permitting easy fine control of the
working accuracy. Therefore, adjustment depending on the
change of the height of the three-dimensional object under
fabrication by stacking and gluing the sheets together, can be
done easily. Thus, working errors during the gluing or the
cutting operation, and thus modeling errors, can be reduced.

(12) A twelfth aspect of the invention provides a sheet
lamination modeling apparatus according to the eleventh
aspect of the invention, wherein the table 1s vertically
movable, the pressing means 1s fixedly disposed right above
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the table, and the cutting means 1s disposed horizontally
movably at a predetermined height between the table in the
lowered position and the pressing means.

According to this apparatus, the table acting as a sole
moving part 1s movable only 1n the vertical direction, and
thus the cutting height with respect to the stacked sheets can
be controlled with sufficient accuracy. As a result, modeling
errors can be further reduced, and a three-dimensional object
having high accuracy can be obtained.

(13) A thirteenth aspect of the invention provides a sheet
lamination modeling apparatus according to the eleventh
aspect of the imnvention, wherein, as the adhesive, an adhe-
sive which displays adhesiveness by pressurization 1s used,
and the pressing means mclude a pressurization surface for
collectively pressurizing the upper sheet.

According to this apparatus, the sheets are glued together
by pressurization, and therefore, light exposure or like
operation 1s not required, so that it Is possible to easily
fabricate a three-dimensional object even 1n an ordinary
office. Further, the bonding strength can be controlled by the
raised position of the table.

Further, the sheets are collectively pressurized, so that the
sheets and the adhesive can be formed both easily and flatly,
and misalignment of the sheets can be prevented. (14) A
fourteenth aspect of the invention provides a sheet lamina-
fion modeling apparatus according to the eleventh aspect of
the invention, wherein the interposing means 1s operable to
supply the adhesive onto the upper sheet by electrostatic
transfer.

According to this apparatus, the adhesive 1s applied by
clectrostatic transfer, and therefore, no special means for
supplying adhesive 1s required. Thus, 1t 1s possible to pro-
vide a simple construction of the apparatus in which an
ordinary electrostatic transfer means can be utilized.

(15) A fifteenth aspect of the invention provides a sheet
lamination modeling apparatus according to the eleventh
aspect of the mvention and further including heat retaining
means for keeping warm a sheet lamination block on the
table and heating means provided 1n the table for heating the
sheet lamination block.

According to this apparatus, the adhesive interposed 1n
the sheet lamination block 1s maintained 1n a melted state
during the stacking operation, and thus, generation of warps
of the sheets by hardening the adhesive between the sheets
can be prevented. Further, the adhesive interposed in the
sheet lamination block 1s melted after the stacking operation,
so that any warps which may be generated during the
stacking operation can be eliminated. Thus, a three-
dimensional object having improved accuracy can be
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view showing the overall construc-
fion of a sheet lamination modeling apparatus according to
a first embodiment of the invention;

FIG. 2 1s: a block diagram showing the operation accord-
ing to the first embodiment;

FIG. 3 1s a view of the prototype of a three-dimensional
object to be obtained 1n the first embodiment;

FIG. 4(A) is:a plan view showing an effective area and a
waste area of the sheet 2Y,

FIG. 4(B) 1s a sectional view of sheets 2Y and 2X and
illustrates a lap of the respective effective arecas and a
relationship between an effective adhesive area and an
auxiliary adhesive area, and
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FIG. 4(C) 1s a plan view 1llustrating the effective adhesive
arca and the auxiliary adhesive area of the sheet 2Y;

FIG. 5(A) shows a state where an adhesive is transferred
onto the sheet 2Y by a drum,

FIG. 5(B) shows a state where the sheet 2Y is stacked on
top of a sheet lamination T,

FIG. 5(C) shows a state where the stacked sheet 2Y is cut
into the effective area and the waste area by a cutter 335,

FIG, 5(D) shows a state where a model M Is fabricated
within the sheet lamination T,

FIG. 5(E) shows a state where the waste area is removed
away from the sheet lamination T, and

FIG. 5(F) 1s a view showing the model M thus fabricated;

FIGS. 6(A) to 6(E) are sectional views of the sheets,
showing a part of the sheet stacking process, in which

FIG. 6(A) shows a state where the adhesive is transferred
onto a sheet 2,

FIG. 6(B) shows a state where the sheet 2Y with the
adhesive applied thereon 1s disposed above a sheet 2X,

FIG. 6(C) shows a state where the sheet 2Y is stacked on
the sheet 2X,

FIG. 6(D) shows a state where the sheet 2Y 1s glued to the
sheet 2X, and

FIG. 6(E) shows a state where the sheet 2Y is cut by the
cutter 35;

FIG. 7 shows the cutting operation of a sheet by the cutter
35;

FIG. 8 1s a sectional view showing the state of a flaring
part of the cut portion changed by heat pressure fitting;

FIGS. 9(A) to 9(E) are sectional views of the sheets,

showing a part of the sheet stacking process according to a
second embodiment, 1n which

FIG. 9(A) shows a state where the adhesive is transferred
onto a sheet 102Y,

FIG. 9(B) shows a state where the sheet 102Y with the
adhesive applied thereon 1s disposed above a sheet 102X,

FIG. 9(C) shows a state where the sheet 102Y i1s stacked
on the sheet 102X,

FIG. 9(D) shows a state where the sheet 102Y is pressed
onto the sheet 102X to form a joimned layer, and

FIG. 9(E) shows a state where the sheet 102Y is cut by the
cutter 35;

FIG. 10 1llustrate a state where a joined layer 1s formed
from the sheets joined together during pressurization;

FIG. 11(A) is a sectional view showing a state where the
dispersedly transferred adhesive forms an integral joined
layer by pressurization, and

FIG. 11(B) is a sectional view showing a state where the
unevenly transferred adhesive forms a joined layer having
substantially even thickness by pressurization;

FIG. 12 1s a block diagram showing the operation accord-
ing to a third embodiment;

FIG. 13 1s a block diagram showing the operation accord-
ing to a fourth embodiment;

FIG. 14 1s a schematic view showing a sheet lamination
modeling apparatus in the fourth embodiment; and

FIG. 15 1s a block diagram showing the operation accord-
ing to a fifth embodiment.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, the embodiments embodying the present invention
will be described with reference to FIGS. 1 to 15.
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In each embodiment which will be described hereinafter,
any sheet from which a three-dimensional object can be
fabricated by stacking and gluing may be used as sheet. Such
sheets include paper, cloth and plastic film.

Adhesives can be appropriately selected depending on the
strength required for the three-dimensional object to be
fabricated as well as the kind of the sheet in use and the
method of feeding the adhesives.

Electrostatic transfer means that an electrostatic latent
image formed on a drum by electrostatic recording, electro-
printing., laser recording or like methods, with particles
tentatively fixed thereon, 1s electrostatically transferred onto
sheets.

(First Embodiment)

A first embodiment will now be described with reference
to FIGS. 1 to 8.

In this embodiment, as sheets 2, plain paper (woodfree
paper) having the thickness of 0.1 mm and the size of 297
mmx420 mm 1S used. Here, instead of cut sheets, a con-
tinuous roll sheet may be used as 1t 1s cut during operation.

As an adhesive 4, an electron toner for a copying machine
from which pigment Is removed and which mainly consists
of thermoplastic resins of the polyethylene family 1s used.
Here, it 1s to be noted that electron toners usually consist
mainly of thermoplastic resins as binder and pigment, and
that electron toners containing pigment may be used without
removing the pigment as adhesive of the present invention.

Further, adhesives which can be glued onto the sheets 2
only by pressurizing without heating (for instance, toners,
such as a capsule toner for electrostatic latent image devel-
opment disclosed i1n Japanese Patent Publication No.
59-189354) may be used. In case of using such pressure-
sensifive adhesives, the adhesives can be melted only by
pressurization by means of a simple plate without using a
heater plate 32 which will be described later. Therefore, such
pressure-sensitive adhesives offer advantages that the equip-
ment cost can be reduced, that greater safety 1s ensured to
permit automated fabrication, and that the time which waill
be required for heating a heater plate 1s not needed.

FIG.1 shows a sheet lamination modeling apparatus of
this embodiment. The sheet lamination modeling apparatus
1s mainly comprised of a data processing section 7, a control
section 9 and a sheet lamination modeling section
(hereinafter referred to as modeling section) 10.

The data processing section 7 prepares two-dimensional
data representing the sectional configuration of the three-
dimensional object to be obtained, on the basis of the data
representing the three-dimensional configuration of the
object, and supplies the sectional configuration data to the
modeling section 10.

In this embodiment, the data representing the three-
dimensional configuration of the object 1s supplied to the
data processing section 7 from a three-dimension CAD
system. It 1s well-known 1n the field of CAD systems to
obtain two-dimensional contour data representing the sec-
tional configuration on the basis of such three-dimensional
conflguration data.

The data processing section 7 converts the two-
dimensional contour data, which has been converted from
the three-dimensional data supplied from the three-
dimension CAD system, 1nto raster data and vector data and
supplies the raster data and the vector data to a laser printer
section 18 and a cutting plotter section 34. The raster data
represents the sectional contour of the three-dimensional
object, in which one side of the sectional contour 1s an
elffective arca constituting the three-dimensional object and
the other side 1s a waste area not constituting the three-
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dimensional object. Sectional vector data and raster data are
prepared for each sheet 2.

The control section 9 performs sequential control of the
laser printer section 18 and the cutting plotter section 34 and
also performs positional control of the height of a table 14.

The modeling section 10 comprises a table section 12, a
feeding tray section 16, the laser printer section 18, a
conveying section 22, a heater plate section 30, and the
cutting plotter section 34.

The table section 12 includes the table 14 on which the
sheet lamination T under construction 1s placed and includes
a motor (not shown) which is used to move the table 14
vertically. Further, the table section 12 1s provided with a
detector (not shown) for detecting the absolute position
(height) of the table 14, and the height position of the table
14 1s controlled by the control section 9.

The table 14 1s driven by the motor and 1s moved
upwardly toward the heater plate 30 which will be described
later every time ecach sheet 2 1s stacked and 1s moved
downwardly such-that the height of the top surface of the
sheet lamination T i1s brought to a predetermined height
position. The lowered position of the table 14 where the top
surface of the lamination T 1s at the predetermined height is
set to be lowered by the thickness of the sheet 2 (to be exact,
by the thickness of the sheet 2 and the thickness of the
adhesive 4) every time each sheet 2 is stacked.

The feeding tray section 16 includes a tray 17 on which
a plurality of sheets 2 are placed. A motor (not shown) is
driven to raise and lower the tray 17. The feeding tray
section 16 supports the sheets 2 and supplies the sheets 2 one
by one to the laser printer section 18.

The laser printer section 18 electrostatically transfers the
adhesive 4 onto the sheets 2 and 1s of the same type as used
in ordinary laser printers and copying machines.

The laser printer section 18 forms an electrostatic latent
image on a drum 19 by laser beam exposure on the basis of
the raster data supplied from the data processing section 7
and forms a shape of the adhesive 4 on the drum 19, and
clectrostatically transfers the adhesive from the drum 19
onto the sheets 2.

The laser printer section 18 includes a fixing section 20
for fixing the adhesive 4 transferred onto the sheets 2. The
sheets 2 are conveyed through the fixing section 20 by the
conveying section 22.

As shown 1n FIG. 1, the conveying section 22 comprises
chains 24, sprockets 26, sheet support mechanisms 27 and a
motor (not shown) for driving the sprockets 26. The chains
24, the sprockets 26, and the sheet support mechanisms 27
are each disposed on the both sides 1n the width direction of
the sheets 2 to be conveyed (in the direction vertical to the
conveying direction).

The support mechamisms 27 are disposed in opposed
relation to each other on the chains 24 on the both sides for
supporting the sheets 2.

In the conveying section 22, the environmental conditions
such as humidity are controlled by an air conditioner, a fan
or the like machine so as to convey the sheet 2 from the laser
printer section 18 to the table section 12 without causing
moisture absorption or the like of the sheet 2.

The conveying section 22 also includes on the front end
thereof an intermediate tray section 28 for inverting and
temporarily placing the sheet 2. The mtermediate tray sec-
tion 28 includes a tray 29a and a jogger 29b, and the sheet
2 temporarily placed on the tray 29a are jogged from every
direction by the jogger 29b for positioning and 1s supplied to
the table section 12. Further, the intermediate tray section 28
also serves to control the operations of the laser printer
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section 18 and the cutting plotter section 34 performed by
the control section 9.

The heater plate section 30 1s fixedly disposed right above
the table section 12 at a predetermined level, and comprises
a plate 32 disposed on the lower side thereof and having a
size suflicient to press the whole surface of the lamination T
and a heater unit (not shown) for heating the plate 32 to a
predetermined temperature.

When the table 14 with the lamination T placed thereon
1s raised to press the pressing surface of the plate 32, an
upper sheet 2Y (see FIG. 4) stacked on the top of the
lamination T and an lower sheet 2X placed right under the
sheet 2Y are glued together.

The heating temperature of the plate 32 has to be suitably
set depending on the kinds of the sheet 2 and the adhesive
4 to be used, the magnitude of the pressure to be applied
thereto, or other factors.

The pressing surface of the plate 32 1s treated for sepa-
ration by fluorocarbon resin, silicon or the like 1n order that
the upper sheet 2Y pressed on the pressing surface 1s not
adhered thereto but 1s readily separated therefrom.

The cutting plotter section 34 comprises a cutter 35 and an
XY plotter 36 which the cutter 35 1s secured to and which
moves the cutter 35 horizontally on the basis of the vector
data supplied from the data processing section 7.

The cutting plotter section 34 1s positioned at a predeter-
mined level below the heater plate section 30 and above the
table section 12, and at a position where the vertical move-
ments of the table 14 and the paper feeding onto the table 14
are not disturbed.

The cutter 35 cuts only the top one of the sheets 2 stacked
together on the table 14, always at a constant height position
by the XY plotter 36.

In other words, the cutter 35 1s always at a constant cutting
height without being raised or lowered and 1s made operable
by controlling the height of the table 14.

It will be noted that, besides the cutter 35, a laser cutter,
an ultrasonic cutter or the like may be used as cutting means.
The use of the cutter 35 1s advantageous 1n that the 1nitial
costs can be reduced, there 1s no need of preparing the
dust-removing equipment, there 1s no danger of fire, and the
control of the cutting depth 1s easy.

The modeling section 10 thus constructed 1s accommo-
dated 1n a cabinet, where the humidity and temperature
conditions around the sheets 2 are controlled. In addition, in
this embodiment, an air conditioner (not shown) is also
provided within the cabinet to control with high accuracy the
heat and humidity generated in the modeling section 10.
Now, the operation of fabricating a three-dimensional
object by the use of a modeling apparatus thus constructed
will be described with reference to FIG. 2.

FIG. 2 1s a block diagram showing the operation of
fabricating a three-dimensional object M by stacking and
ogluing the sheets 2 together by the use of the apparatus.

In a first step, a process of defining a three-dimensional
shape of a model M to be fabricated, such as the three-
dimensional shape of a car model C, 1s designed by a
three-dimension CAD system. As a result, a three-
dimensional shape data for making the model M such as the
car model C shown 1 FIG. 3 1s defined by the three-
dimension CAD system. The model M 1s constructed within
the sheet lamination T formed by stacking and gluing the
sheets 2 together.

Next, a process of defining an effective adhesion area E
and an auxiliary adhesion area H on each section will be
performed. In this process, a two-dimensional contour data
of each section which is sliced horizontally with the thick-

10

15

20

25

30

35

40

45

50

55

60

65

10

ness of the sheets 2 to be stacked to fabricate the model M
1s obtained. Here, of each section, the effective adhesion area
E and the auxiliary adhesion arca H 1n the sheet 2Y which
1s to be stacked at a predetermined height position will be

described.
As shown 1n FIG. 4(A), the inside of the contour in the

two-dimensional data obtained for the sheet 2Y comprises
an effective area V2 which 1s used to construct the model M.
An areca outside of the effective area V2 1 the sheet 2Y
comprises a waste area U2 which 1s not used to construct the
model M.

The effective adhesion area E and the auxiliary adhesion

arca H 1n the sheet-2Y are determined by the effective area
V2 1n the sheet 2Y and an effective area V1 1n the sheet 2X

stacked just below the sheet 2Y.

In order to determine the effective adhesion area E, data
of the effective area V1 1n the sheet 2X 1s also obtained in
the same manner as 1n the sheet 2Y. Then, as shown 1 FIG.

4(B), an area covering both of the effective area V2 of the
sheet 2Y and the effective area V1 of the sheet 2X 1s defined

as an overlapping arca D. Actually, the sheet 2Y and the
sheet 2X are glued together on this overlapping area D.

Then, as shown in FIGS. 4(B) and 4(C), a supplementary
arca A having a predetermined width 1s provided outside of
the overlapping area D. The overlapping arca D and the
supplementary area A determine the effective adhesion arca
E. The effective adhesion arca E extends outwardly of the
overlapping areca D. The width of the supplementary area A
1s determined 1n consideration of errors which may be
caused 1n transfer of the adhesive 4 onto the sheets 2,
thermo-contraction of the sheets 2 and positioning of the
sheets 2 onto the table 14. In this embodiment, the width of
the supplementary area A 1s 0.5 mm, and the maximum error
which may caused 1n the above processes 1s within this
width.

With the effective adhesion area E thus provided, the sheet
2Y and the sheet 2X are glued together on the area slightly
wider than the area which actually requires adhesion.

Further, the amount and the density of the adhesive 4 to
be applied to the sheet 2 are adjusted depending on the
degree (thickness, density, distribution of patterns, etc.) of
patterning the effective adhesion area E on the CAD system,
such that the adhesive 4 can sufficiently adhere the overlap-
ping arca D by heat-pressure bonding. In order to maintain
the flatness of the overlapping areca D, 1t 1s preferable to
pattern the overlapping area D uniformly in a continuous
pattern.

Therefore, the way of applying an adhesive 1s not limited
to applying an adhesive to the whole area, but 1t can be
properly determined 1n view of the strength required for the
model M to be obtained, the cost and the kind of the
adhesive 4, the material of the sheet 2 and like conditions.
For example, it 1s also possible to pattern the adhesive in the
cifective adhesive arca E 1n a fine mesh.

Further, 1t 1s possible to secure the adhesion area even 1n
the case where the adhesive 4 1s applied scatteringly, since
the adhesive 4 1s liquefied by heating as 1t 1s pressed during
pressurization of the upper sheet 2Y.

In this embodiment, the effective adhesion area E 1s
thickly painted all over on the CAD system.

When the effective adhesion area E 1s thus defined, the
auxiliary adhesion area H is defined. Specifically, the area
outside of the effective adhesion area E makes the auxiliary
adhesion area H.

The auxiliary adhesion area H i1s not an area directly
required for forming the model M, but an area for forming
the surrounding portion which surrounds and supports the
model M to be formed within the lamination T.
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Therefore, by also applying the adhesive 4 onto this
auxiliary area H to glue the sheets 2 together, any warp
which may otherwise be generated 1n the overlapping area D
of the lamination T can be eliminated. Specifically, since the
adhesive 4 applied onto the auxiliary adhesion arca H and
solidified acts as a beam on the sheets 2, 1t can prevent warps
on the sheet 2Y which may be generated by moisture
absorption under the influence of the ambient conditions
during the period from application of the adhesive 4 to
pressure bonding. Therefore, the adhesive 4 applied on the
auxiliary adhesion area H can secure the flatness of each
sheet 2 itself and can also secure the flat stacking condition
of the sheets 2 1n the lamination T. As a result, 1t can prevent
warps 1n the overlapping area D as well.

Further, the auxiliary adhesion area H 1s provided to form
a support during heat-pressure bonding operation and during
cutting operation with the waste areas Ul and U2 tempo-
rarily glued and stacked together.

Therefore, the pattern of the adhesive 4 1n the auxiliary
adhesion area H on the CAD system 1s determined such that
the flatness of the sheet 2Y 1n the lamination T can be
secured 1n all directions. In addition, the pattern of the
adhesive 4 1n the auxiliary adhesion area H 1s determined
such that the sheets 2 1n the auxiliary area H can be glued
together to an extent sufficient to form a support during
heat-pressure bonding operation and cutting operation and
can be easily separated or broken after fabrication.

As patterns effective to prevent warps, patterns which
have no particular orientation and which are continuous all
over the auxiliary adhesion area H, such as a mesh or
web-like pattern, are preferable. Considering the costs of the
adhesive 4 and other factors, patterns may be drawn in fine
lines.

Further, 1f the adhesive 4 1n use 1s fluidified by 1ts fluidity
by health pressure, the adhesive 4 may be applied 1n dots or
in dotted lines 1n the auxiliary area H.

In this embodiment, the auxiliary adhesion area H 1s
patterned with large meshes in fine lines. In the auxiliary
adhesion area H, the adhesive 4 1s supplied less densely than
in the effective adhesion arca E.

Next, the stacking process of the sheets 2 will be
described with reference to FIGS. 5(A) to 5(F), 6(A) to 6(E),
7 and 8.

Here, the stacking process of the sheet 2Y referred to in
the preceding process of this embodiment will be explained.

First, the data of the formed areas as the effective adhesion
arca E and the auxiliary adhesion area H on the sheet 2Y
which have been defined i1n the preceding process are
supplied from the three-dimension CAD system to the laser
printer section 18, and then, according to the data, the
charged and sensitized drum 19 1s scanned and exposed by
laser beams of the exposure section to form an electrostatic
latent 1image on-the drum 19.

Then, mn accordance with an ordinary process of the
clectro-printing method by a PPC system, a powder adhe-
sive 4, mstead of an electron toner, 1s adhered onto the
clectrostatic latent 1mage on the drum 19, so that the
clectrostatic latent 1image 1s transformed into an adhesive
pattern. The adhesive pattern on the drum 19 1s transferred
onto the upper sheet 2Y which has been fed by the feeding
fray section 16, and 1s melted and fixed by heating or like
operation so that adhesive layers 6 and 8 are formed.
Specifically, as shown in FIGS. 5(A) and 6(A), an effective
adhesive layer 6 and an auxiliary adhesive layer 8 are
formed to correspond to the effective adhesion area E and
the auxiliary adhesion area H, respectively.

Further, 1n this embodiment, part of the adhesive 4 on the
adhesive layers 6 and 8 1s impregnated into the sheet 2Y
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when fixed by a roller. Therefore, a long time interval 1s
taken before a pressurizing process 1s started, and even
under the condition 1n which the sheet 2Y absorbs moisture,
the impregnated adhesive 4 can effectively act as core for
suppressing distortion (warp) which may be generated in the
sheet 2Y. Such impregnation, however, 1s not necessarily
required, and only the electrostatic transfer may be per-
formed.

Next, the upper sheet 2Y 1s supported by the sheet support
mechanism, and 1s fed through the intermediate tray section

28 to be 1nverted and positioned, and 1s supplied to the table
section 12 (see FIGS. 5(B) and 6(B)).

In this embodiment, the sheet 2Y 1s conveyed from the
laser printer section 18 to the table section 12 within several
seconds to the order of ten seconds, and the humidity and
temperature conditions around the conveying section 22 are
controlled.. As a result, the sheet 2Y does not suffer distor-
fion which may be caused by absorbing moisture during
conveyance. Therefore, in the case where a long time
interval 1s taken from the transfer process to the stacking
process, 1t 1s preferable to place the sheet 2Y 1n the envi-
ronment of low humidity so as to prevent the sheet 2Y from
absorbing moisture during the period from the completion of
transfer to the pressurization on the table.

Then, as shown in FIG. 6(C), the sheet 2Y is stacked on
the lower sheet 2X which has been placed on the table 14
and which has been cut 1nto the effective arca V1 and the
waste area Ul and stacked in layer.

At this time, the upper sheet 2Y which has been 1nverted
during conveyance 1s placed such that the adhesive layers 6
and 8 are brought into contact with the surface of the lower
sheet 2X.

Here, the lower sheet 2X has been already placed on the
upper surface of the lamination T of several sheets 2 1n
accordance with the processes of this embodiment.

Further, at the time of stacking of the sheet 2Y, even 1
mechanical errors were caused 1n conveying the sheet 2Y or
in setting the sheet 2Y on the table 14, the whole overlapping
arca D 1s reliably covered with the effective adhesive layer
6 since the effective adhesive layer 6 1s formed to a size large
enough to offset the errors.

Then, the table 14 1s raised and the lamination T
(including the lower sheet 2X and the upper sheet 2Y) is
pressed under a predetermined pressure toward the lower
surface of the plate 32 which 1s disposed above the table 14
and heated to a predetermined temperature. As a result, the
adhesive 4 imterposed between the lower sheet 2X and the
upper sheet 2Y 1s melted so that the both sheets 2X and 2Y
are tightly glued and joined together through the adhesive
layer 40 (see FIG. 6(D)).

The lift (raised position) of the table 14 is controlled by
the control section 9 such that a predetermined pressure can
be constantly obtained.

At this time, the plate 32 presses the whole area of the
sheet 2Y at one time, so that unlike the case of pressurizing
by a roller, misalignment of the sheet 2Y 1s not caused.

Further, the sheets 2 which have been already stacked
together form the lamination T 1n an integral structure
including the effective area and the waste area, and the
uppermost sheet 2Y 1s supported over the entire area from
below, so that pressure 1s uniformly applied on the entire
arca of the overlapping arca D which needs heat-pressure
bonding.

In addition, it 1s possible to obtain uniform thickness of
the adhesive layers 6 and 8 between the sheets 2X and 2Y
and uniform thickness of the sheet 2Y.

Further, by thus applying pressure, the melted adhesive 4
1s impregnated into the sheets 2X and 2Y. The adhesive 4 at
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this time 1s 1n a visco-elastic state, so that it 1s impregnated
into the sheet 2Y with pressure.

The pressing by the plate 32 also serves to restrain the
warping of the sheet 2Y. Specifically, even if a warp 1s
oenerated 1n the sheet 2Y in the stacking process, the
pressing on the sheet 2Y also serves to correct the warp. In
addition, 1t also serves to form the adhesive layers 6 and 8
interposed between the sheets 2X and 2Y to be flat by means
of the sheet 2Y. Therefore, a layer which serves to glue the
sheets 2X and 2Y together and which restrains deformation
such as warping 1s formed.

The pressing by the plate 32 1s repeated and repeatedly
restrains the repulsion of the sheets 2 which 1s gradually
caused after stacking, so that the model N without defor-
mation can be obtained.

Further, the repeated pressing also restrains contraction of
the adhesive layers 6 and 8, and the adhesive layer 40 1tselt
acts to restrain warping of the sheet 2Y.

As a result, the sheet 2Y 1s reliably maintained 1n a flatly
stacked state even after stacking.

Thereafter, the table 14 1s lowered.

Thus, the sheet 2Y 1s closely attached to the upper surface
of the sheet 2X via the adhesive layers 6 and 8 and thus
forms part of the lamination T.

Then, when the adhesive 4 1s hardened by cooling, the
sheets 2X and 2Y are glued and joined together. However,
in the stacking process, the adhesive 4 1s not always hard-
ened immediately after application of pressure to fully glue
the sheets 2X and 2Y together. When another sheet 2 1s
stacked on the sheet 2Y and glued by hot pressing, the
adhesive 4 1s indirectly heated and 1s relatively gradually
hardened.

In the sheets 2X and 2Y thus glued together, the area
having the effective adhesive layer 6 provided thereon 1is
oglued Strongly, and the area having the auxiliary adhesive
layer 8 1s glued less strongly.

Further, the effective adhesive layer 6 1s larger than the
overlapping area D which actually needs gluing, so that the
overlapping area D 1s reliably glued onto the lower sheet 2X
even 1f the above-mentioned misalignment or heat contrac-
tion of the sheets 2 1s caused.

In the hot press gluing process, since the adhesive 4 Is
melted, the ambient environment 1s not deteriorated without
causing evaporation of any harmful substance or generation
of malodor.

The vertical movement of the table 14 1s controlled by the
detector and the control section 9, and the table 14 1s lowered
fo a position where the working section of the cutter 35
which 1s moved two-dimensionally by the XY plotter 36 can
cut only the upper sheet 2Y stacked and glued on top of the
lamination T.

The pressing position (raised position) and the cutting
position (lowered position) are controlled only by the ver-
tical movement of the table 14. In other words, only the table
14 acts as a verfically moving part. Such an arrangement
permits easy fine adjustment of the height of the lamination
T formed by stacking the sheets 2 1n sequence, by the
thickness of a layer of one sheet (to be exact, the total
thickness of the sheet 2 and the adhesive layers 6 and 8), so
that possible errors are minimized.

Then, as shown 1n FIGS. 5(C) and 6(E), the upper sheet
2Y 1s cut into the effective area V2 and the waste area U2 by
the cutter 35 which 1s driven by the XY plotter 36 on the
basis of the data supplied from the data processing section
7.

In the vicinity of the contour of the effective area V2, the
sheets 2 are tightly glued to each other by the effective
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adhesive layer 6 and the auxiliary adhesive layer 8, so that
any misalignment or separation of the upper sheet 2Y with
respect to the lower sheet 2X 1s not caused by the movement
of the cutter 35.

Then, as shown 1n FIG. 7, the waste area U2 1s cut and
divided 1nto pieces along predetermined dividing lines S0
from the contour of the effective area V2 outwardly toward
the edge of the sheet 2.

The dividing lines 50 serve to facilitate removal of the
stacked and loosely glued waste arca U after completion of
fabrication (see FIG. 5(E)). The waste arca U can be
three-dimensionally divided into pieces for removal. When
the dividing lines 50 are provided around the complicated
contour, removal of the waste Area U 1s made easier, and 1n
the case of the object having an wrregular contour, it 1s
suitable to provide many dividing lines 50.

The dividing lines 50 are provided on the basis of the data
which has been converted from the data inputted from the
three-dimension CAD system in the data processing section
7 and which has been supplied to the cutting plotter section

34.

In this embodiment, a cutter 1s used, but, as shown 1n FIG.
8, when a cutter 1s used to cut the sheet 2X, a flaring portion
60a 1s formed on the both sides of the cut section.

However, the flaring portion 60a 1s completely broken
down by the pressure applied by stacking the sheet 2Y on the
sheet 2X, or 1t 1s absorbed by the thickness of the adhesive
layer. Therefore, adverse etfect by the flaring portion 60a 1s
eliminated 1n the lamination T. It will be noted that, besides
a cutter, an ultrasonic cutter, a laser cutter or the like may be
used as cutting means.

The whole process of stacking the upper sheet 2Y on the
lower sheet 2X 1s thus executed, and this process 1s repeated
to stack and glue the sheets 2 one after another. The effective
arca and the waste area of the sheet 2 to be stacked on top
of the lamination T 1s corrected, each time 1t 1s stacked, on
the basis of the lamination height of the sheet 2Y detected
by the detector. Specifically, 1n the case that the detected
lamination height 1s different from the estimated one, the
three-dimensional object is sliced at a slice position (height)
obtained on the basis of the detected lamination height in
order to obtain the sectional configuration at the detected
height.

Further, the table 14 1s moved downwardly by the height
of the stacked sheet 2Y and the adhesive layers 6 and 8 to
wait the supply of the next sheet 2.

By repeating the above-mentioned processes, as shown 1n
FIG. 1, the sheets 2 are stacked on the table 14 while forming
the three-dimensional object M within the lamination T on

the table 14.

Then, as shown in FIGS. 5(D) and 5(E), after all of the
sheets 2 have been stacked and glued together, the lamina-
tion T 1s taken from the table 14 and the laminated waste
arca U 1s removed along the dividing lines 50.

The flat parts of the waste area U may be removed 1n
block and the fairly rugged parts thereof may be removed by
separating the sheets 2 one by one.

As shown in FIG. 5(F), the model M which appears by
removing the entire waste arca U has a shape similar to a
three-dimensional shape of a car model C designed by the
three-dimension CAD system.

The stacked and glued sheets 2 are not readily separated
on the outer surface of the model M since the sheets 2 are
reliably glued together on the overlapping area D therebe-
tween by the adhesive 4 of the effective adhesive layer 6.

Further, unlike the case of using a photo-solidifying resin,
the model M can obtain a sufficient bonding strength without
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being heated for a certain period of time after lamination, so
that the model M 1s made available immediately after
fabrication.

In this embodiment, the heater plate section 30 1s used as
pressing means, but pressing means which only performs
application of pressure may be used together with an adhe-
sive which displays adhesiveness by pressurization.

Further, 1n this embodiment, the adhesive 4 1s interposed
between the sheets 2, but the adhesive 4 may be impregnated
into the lower and upper sheets 2 with pressure so that the
lower and upper sheets 2 with the adhesive 4 impregnated
thereinto are directly joined together to form a joined layer
without having the adhesive layers 6 and 8 interposed
between the lower and upper sheets 2. In this case, the
adhesive 4 1s not 1nterposed, so that 1t 1s possible to reduce
the amount of use of the adhesive 4 and to fabricate a firmly
joined three-dimensional object M.

Further, 1n this embodiment, plain paper 1s used as sheets
2, but 1t 1s not limitative. However, plain paper 1s effective
to reduce the running costs, and 1t can easily be impregnated
with the adhesive 4 since 1t 1s made of pulp, and 1t has
suflicient heat resistance against hot pressing.

In this embodiment, the 1nvention has been described 1n
relation to the case of fabrication of a car model, but it 1s not
limitative. It 1s possible to fabricate models or prototypes of
any objects, or the products themselves.

Further, in this embodiment, the invention has been
described 1n relation to the case where the sheets are bonded
together by hot pressing, but the mvention 1s similarly
applied to the case where an adhesive which displays
adhesiveness only by application of pressure 1s used.
(Second Embodiment)

A second embodiment will now be described with refer-
ence to FIGS. 9(A) to 9(E), 10, 11(A) and 11(B).

In the sheet lamination modeling method of this
embodiment, like the first embodiment, the processes of
defining a three-dimensional shape, defining an effective
adhesion area and an auxiliary adhesion area, stacking
sheets, and removing a waste area are performed.

FIGS. 9(A) to 9(E) are sectional views of the sheets,
showing the sheet stacking and joining process 1n sequence.

In this embodiment, the same apparatus as in the first
embodiment 1s used. Sheets 102 and an adhesive 104 are
also the same ones as 1n the first embodiment.

The three-dimensional shape defining process of this
embodiment 1s performed in the same way as in the first
embodiment.

Now, a sheet 102X and a sheet 102Y to be stacked at a
predetermined height position will be described.

The effective area defining process for each section of this
embodiment 1s performed substantially 1in the same way as
in the first embodiment, but 1s only different 1n the following
point.

Specifically, the pattern within the range of the effective
adhesion area E on the CAD system 1s determined such that
the adhesive 104 1s completely impregnated into the both
sheets 102X and 102Y.

Next, the stacking and joining process of the sheet 102Y
will be explained.

The process 1n which the effective adhesion area E and the
auxiliary adhesion area H on the CAD system are formed as
an elfective adhesive layer 106 and an auxiliary adhesive
layer (not shown), respectively, on the sheet 102Y, is the
same with the first embodiment.

Here, 1t should be noted that the lamination T has already
been formed on a table with the sheet 102X stacked and
joined on the top thereof.

10

15

20

25

30

35

40

45

50

55

60

65

16

As shown 1n FIGS. 9(A) to 9(C), in the same way as the
first embodiment, the upper sheet 102Y 1s quickly conveyed
to the table section 12 by the conveying section including a
rubber roll and 1s stacked on the lower sheet 102X which has
been cut mto the effective area V101 and the waste area
U101 and has been stacked 1n layer. The upper sheet 102Y
which has been mverted during conveyance 1s placed such
that the adhesive layer 106 and the other adhesive layer are
brought into contact with the surface of the lower sheet
102X. In this embodiment, the sheet 102Y 1s conveyed from
the transferring section to the table section 12 within a very
short time, thus preventing distortion of the sheet 102Y
which may be caused by moisture absorption.

Then, the table 14 1s raised and the lamination T 1s pressed
under a predetermined pressure toward the lower surface of
the plate 32 which 1s disposed above the table 14 and which
1s heated to a predetermined temperature. In this
embodiment, the plate 32 i1s heated to 180 to 200° C. and
about one ton of pressure 1s applied thereon.

As a result, the adhesive 104 iterposed between the
lower sheet 102X and the upper sheet 102Y 1s melted and
impregnated sufficiently into both of the lower sheet 102X
and the upper sheet 102Y under high pressure, so that the
sheets 102X and 102Y are tightly joined together.

In other words, as shown in FIGS. 9(D) and 10, the upper
portion (about one quarter of the thickness from the top) of
the lower sheet 102X and the lower portion (about one
quarter of the thickness from the bottom) of the upper sheet
102Y with the adhesive 104 impregnated thereinto form a
joined layer 109 1n one continuous piece together with the
impregnated adhesive 104. On the joined surface of the
sheets 102X and 102Y, the adhesive 104 1s impregnated into
fibers of the sheets 102X and 102Y which are tangled with
cach other.

Further, the entire surface of the sheet 102Y 1s pressed
flatly at one time by the plate 32, so that the whole joined
layer 109 1s formed flatly.

Thus, in the pressurized state which can prevent genera-
tion of distortion of the sheet 102Y to eliminate 1ts warping
or like defects as much as possible, the adhesive 104 is
fluidified and impregnated into the sheets 102X and 102Y
under high pressure to form the flat joined layer 109 in part
of the sheets 102X and 102Y, so that the sheet 102Y 1s
stacked and joined flatly. Further, the adhesive 104 of the
joined layer 109, when hardened, acts to restrain warping of
the sheet 102Y even 1f the sheet 102Y has absorbed moisture
after stacked 1n lamination, so that the flatness of the sheet
102Y can be maintained. Therefore, the level of the lami-
nation surface of the sheet 102Y can be made uniform, so
that the sheet 2Y can be stacked and glued 1n strict confor-
mity with the corresponding sliced section of the object on
the CAD.

In addition, the effective adhesive layer 106 and the
auxiliary adhesive layer are not mterposed between the
sheets 102X and 102Y with their substantial thickness, so
that lamination height can be easily controlled by thus
climinating the thickness of the adhesive layer 106 which
may be produced by variations in the amount and position of
the application of the adhesive 104.

Further, the sheets 102X and 102Y are directly joined
together by application of pressure and impregnation of the
adhesive 104, the amount of the adhesive 104 can be
reduced as compared with the case of interposing the
adhesive 104.

Thereafter, the sheet 102Y 1s further pressed repeatedly as
the sheets 102 are stacked one by one in layer on the sheet
102Y. Therefore, even if the sheet 102Y gradually absorbs
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moisture with the lapse of time after lamination, warping of
the sheet 102Y 1s suppressed and contraction of the joined
layer 109 Is also restrained. Further, the jomned layer 109
itself serves to restrain the warping of the sheet 102Y.

Further, on the area forming the auxiliary adhesive layer,
the adhesive 104 needs to be only temporarily glued to the
sheet 102Y.

Even on the parts where the adhesive 104 has been neither
applied nor impregnated, the sheets 102 may be bonded
together by tar contained in the sheet 102 (paper) and

evaporated by heating.
Further, as shown in FIG. 11(A), the adhesive 104 is

spread by impregnation even to the portion (the inside of
each mesh of the adhesive) of the effective adhesive layer
106 where the adhesive 104 has not been transferred. As
shown in FIG. 11(B), the excessive amount of the trans-

ferred adhesive 104 1s spread to the surrounding and is
impregnated 1n the sheets 102X and 102Y.

The sheet 102Y 1s pressed 1n 1ts thickness direction and 1s
contracted 1n 1its thickness to the extent depending on the

kind of the sheet 102Y (see FIG. 10). Here, the contracted
state of the sheet 102Y 1s maintained by the existence of the
jomned layer 109, and the sheet 102Y 1s not lifted after
stacked 1n lamination.

Thereafter, the table 14 1s lowered, and the sheet 102Y
forming the uppermost layer of the lamination T on the table
14 1s, like the first embodiment, cut by the cutter plotter 35
into an effective area V102 and a waste area U102 on the
basis of the data from the three-dimension CAD system (see
FIG. 9(E)).

In this case, like the first embodiment, the joined waste
arca U serves as support during cutting operation while 1n
the vicinity of the contour of the joined effective area V, the
sheets 2 are joined together by the jomned layer 109 formed
by the effective adhesive layer 106 and the auxiliary adhe-
sive layer 108, so that any misalignment or separation of the
upper sheet 102Y 1s not caused by the movement of the
cutter 35.

Then, like the first embodiment, dividing lines are pro-
vided.

Thus, like the first embodiment, the whole process of
stacking and joining one sheet 102 on top of the other is
executed 1n sequence. By repeating this process, the model
1s formed within the lamination T on the table 14 and
ultimately, the laminated waste area U 1s removed.

The model N which appears by removing the whole waste
arca U has a shape similar to a three-dimensional shape
designed by the three-dimension CAD system.

Particularly, in the model M of this embodiment, the
adjacent sheets 102 are joined to each other, without having
the adhesive layer 106 interposed between the adjacent
sheets 102 1n lamination, but by means of the joined layer
109 formed by impregnating the adhesive 104 mto part of
the sheets 102 to be joined to each other. Therefore, a great
bonding strength 1s provided, so that the model M forms a
rigidly Integrated structure. Further, each Jomed layer 109
serves as a beam to restrain the warping of the sheets 2, so
that the size variations caused by absorbing moisture are
reduced and a high fabrication accuracy can be obtained and
maintained i the model M.

In the same processes as 1n the first embodiment, the same
operations as the first embodiment are performed in this
embodiment.

(Third Embodiment)

A third embodiment will now be described with reference
to FIG. 12.

This embodiment comprises processes of defining a three-
dimensional shape, defining an effective adhesion area and

10

15

20

25

30

35

40

45

50

55

60

65

138

an auxiliary adhesion area on each section, stacking sheets,
collectively pressurizing a lamination, and removing a waste
area.

In this embodiment, unless otherwise specified, the lami-
nation modeling apparatus, sheets and an adhesive 1n use are
the same as the first embodiment.

The processes of defining a three-dimensional shape,
defining each area, and stacking sheets are performed In the
same way as the first embodiment.

In this embodiment, a collective pressurizing process 1s
added after the stacking process.

The collective pressurizing process 1s provided to form
the model M without warp by correcting any warp which has
been produced during the stacking process in the finished
lamination T and by restraining any warp which 1s being
generated on the upper portion of the lamination T.

To this end, the lamination T 1s pressed onto the plate 32
by raising the table 14 for pressurization under pressure
suflicient to restrain such warp, until the adhesive 4 1s cooled
down to temperatures at which 1t 1s completely hardened.

As a result, any warp on the lower portion of the lami-
nation T 1s corrected and accordingly, the warp on the lower
portion 1s not magnified on the upper portion, so that the
warp of the lamination T 1s effectively reduced.

In this case, the effect by pressurization can be effectively
obtained by placing the lamination T under the condition in
which 1t 1s allowed to be gradually cooled from the state
after completion of heating.

(Fourth Embodiment)

A fourth embodiment will now be described with refer-
ence to FIGS. 13 and 14.

In the sheet lamination modeling method of this
embodiment, the following processes are performed. FIG.
13 1s a block diagram showing the operation of this embodi-
ment.

This embodiment comprises processes of defining a three-
dimensional shape, defining an effective adhesion area and
an auxiliary adhesion area on each section, stacking sheets,
collectively hardening an adhesive, and removing a waste
area.

The lamination modeling apparatus in this embodiment 1s
substantially the same as the first embodiment, except 1n the
following points.

In the apparatus of this embodiment, as shown 1n FIG. 14,
a heater 215 1s incorporated 1n a vertically movable table 214
on which sheets 202 are placed, and the heater 215 serves to
heat the lamination T on the table 214 during stacking
operation. Further, a wall 240 made of heat insulating
material 1s provided to surround the whole section including
the table 214 and a plate 232, and thus a lamination chamber
250 where the lamination T can be kept warm 1s provided.

The heater 215 of the table 214, combined with the
adiabatic efficiency of the wall 240, 1s designed to heat the
lamination T to be fabricated such that the adhesive 204
interposed between the sheets 202 of the lamination T can be
maintained 1 a melted state and also to heat the finished
lamination T such that the adhesive 204 interposed all
through the finished lamination T can be brought into a
melted state.

Therefore, the extent of heating by the heater 215 depends
on the thickness, size or shape of the lamination T, and on
the heat retaining property of the sheets 202 and the kinds of
the adhesive 204.

The wall 240 1s provided to prevent dissipation of the heat
which 1s supplied from the table 214 so that the heat can be
ciiiciently absorbed into the lamination T, and thus to
maintain the lamination T 1n a uniform temperature condi-
tion.
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The heat from the plate 232 can also be et
maintained in the lamination T by the wall 240).

Therefore, the heating efficiency of the plate 232 1s
improved and accordingly, the heating cost can be reduced.

The sheets 202 and the adhesive 204 used 1n this embodi-
ment are the same as the first embodiment, unless otherwise
specifled.

Next, each process of this embodiment will be explained
in order.

The three-dimensional shape defining process and the

cach area defining process are the same as the first embodi-
ment.

The sheet stacking process of this embodiment 1s different
from that of the first embodiment, only 1n that it 1s performed
in the state where the table 214 1s heated and the lamination
T on the table 214 1s surrounded by the heat mnsulating wall

240.
The table 214 1s heated to the extent that the adhesive 204

in the lamination T which 1s being formed 1n the lamination
chamber 250 can be maintained 1n a melted state.

Therefore, 1n this embodiment, unlike the first
embodiment, the adhesive 204 1s interposed between the
sheets 202 1n a melted state during the stacking operation,
and 1t further exists in the lamination T as being held in the

melted state even after heating and pressing operation by the
plate 232.

This means that during the stacking process, there 1s no
possibility of contraction of the adhesive 204 which may be
caused when cooled and solidified, and thus, any warp of the
lamination T which may be generated by such contraction
can be eliminated.

Further, a uniform temperature 1s kept all through the
lamination T during the stacking process, so that the first
sheet 202 which has been stacked immediately after the start
of the stacking operation and the last sheet 202 which has
been stacked are maintained substantially in the same tem-
perature condition.

Further, at the same time, the melted state of the adhesive
204 which lasts longer than 1n the first embodiment much
more enhances the impregnation of the adhesive 204 into the

sheets 202.

In this case, there 1s also no possibility of misalienment in
the stacking position or like defects, since the sheets 202 are
maintained jomed firmly to each other by pressing and
through the melted adhesive 204. Also, the misalignment of
the sheets 202 1s not caused during the cutting operation by
the cutter 235.

Further, like the first embodiment, the warp of the sheets
202 generated by pressing every time one sheet 1s stacked on
the other can be corrected.

Thus, the sheets 202 are stacked one on the other in
sequence until the last sheet 202 1s stacked to complete the
lamination T.

In the lamination T with the last sheet 202 stacked
thereon, the adhesive 204 mterposed through the sheets 202
1s 1n a melted state.

In the next process of hardening the adhesive collectively,
the whole lamination T with the adhesive 204 1n a melted
state 1s pressed and gradually cooled in the lamination
chamber 250, 1in order to collectively harden the adhesive
204 m the lamination T.

At this time, the lamination T on the table 214 which 1s
disposed 1n the lower part of the lamination chamber 250 1s
pressed onto the plate 232 which 1s disposed above, by
raising the table 214, so that the lamination T 1s held 1n a
pressurized state.

In this pressurized state, heating by the heater of the plate
232 and the heater 215 of the table 214 Is stopped, so that

the lamination T 1s gradually allowed to be cooled.

1ciently
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Thus, the adhesive 204 interposed 1n the lamination T, 1n
the state where the contraction 1s restrained with pressure, 1s
hardened simultaneously almost 1n an even pace as a whole
to bond the sheets 202 together.

In other words, according to this embodiment, where the
stacking process 1s separated from the hardening process of
the adhesive 204, in the stacking process, generation of
warps which may be caused by contraction of the adhesive
204 between the sheets 1s eliminated by maintaining the
melted state of the adhesive 204, and i1n the hardening
process, the contraction of the adhesive 204 1s restrained by
continuing pressurization until the adhesive 204 1s hardened
while forming the condition that the temperature 1s uni-
formly lowered.

As a result, 1t 1s possible to eliminate any warp 1n the
lamination T so as to obtain a three-dimensional object
(model M) with high accuracy.

Further, the sufficient impregnation of the adhesive 204
by pressurization in the melted state increases the bonding
strength, so that a three-dimensional object with greater
strength can be obtained.

In this embodiment, the heater 215 1s particularly pro-
vided 1n the table 214 to maintain the melted state of the
adhesive 204 1n the stacking process, but, depending on the
heat retaining property of the sheets 202, temperature or like
properties of the adhesive 204, thickness of the lamination
T, or the like conditions, 1t may be designed such that the
adhesive 204 1s maintained in a melted state by means of the
wall 240 and the plate 232 without heating by the heater 2185.

In the same processes as 1n the first embodiment, the same
operations as the first embodiment are performed in this
embodiment.

(Fifth Embodiment)

A fifth embodiment will now be described with reference
to FIG. 15.

This embodiment comprises processes of defining a three-
dimensional shape, defining an effective adhesion area and
an auxiliary adhesion area on each section, stacking and
oluing sheets, collectively melting and collectively harden-
ing adhesive, and removing a waste area.

In this embodiment, unless otherwise specified, the lami-
nation modeling apparatus, sheets and an adhesive 1n use are
the same as the fourth embodiment.

FIG. 15 1s a block diagram showing the operation of this
embodiment.

The three-dimensional shape defining process and the
cach area defining process are performed 1n the same way as
the first embodiment.

The sheet stacking and gluing process of this embodiment
1s different from that of the fourth embodiment only 1n that
the table 214 1s not heated.

Therefore, unlike the fourth embodiment, all of the adhe-
sive 204 1s not maintained 1n a melted state 1n the stacking
process. In other words, the adhesive 204 between the sheets
202 which were stacked 1 the final step of the process Is still
in the melted state, while the adhesive 204 between the
sheets 202 which were stacked Just after the start of the
process for the lowest layer of the lamination T has already
been solidified to bond the sheets 202 together almost
completely.

In the next process of collectively melting and collec-
tively hardening the adhesive, in the lamination chamber
250 which Is surrounded by the heat insulating wall 240, the
table 214 1s heated while the plate 1s heated as well, and in
this state, the lamination T 1s pressed.

By heating the table 214 and the plate 232 to a predeter-
mined temperature and with the heat insulating wall 240, the
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whole lamination T 1s uniformly heated and thus, the adhe-
sive 204 1n the lamination T 1s brought into a melted state
again.

gAfter keeping this state for a certain period of time so that
the whole lamination T 1s uniformly heated and the adhesive
204 1s brought into a uniform melted state, heating of the
table 214 and the plate 232 1s stopped to allow the lamina-
tion T to be gradually cooled 1n the lamination chamber 250,
while the pressing of the lamination T 1s continued 1n this
state.

Thus, the adhesive 204 i1n the lamination T i1s slowly
cooled and hardened 1n the formed state by pressing.

When the lamination T Is completely cooled and the
adhesive 204 1s hardened, the pressing 1s stopped and the
lamination T 1s taken out.

As a result, a three-dimensional object (model M) having
high accuracy 1in which the generation of warps by contrac-
tion of the adhesive 204 1s restrained, can be obtained.

In this embodiment, in the stacking process, the adhesive
204 1s hardened to bond the sheets 202 together, but, after
completion of the stacking process, all of the adhesive is
collectively melted and hardened. Consequently, as a whole,
the hardening and gluing process and the stacking process
are separately pertormed. Thus, the warping of the adhesive
204 and the sheets 202 in the stacking process and the
similar warping 1n the hardening process as well can be
climinated.

In this embodiment, the plate 232 1s heated 1n the stacking
process like the first embodiment, but In the case where a
pressing pressure high enough to pressure bond the sheets
202 1s obtained, or 1n the case where adhesive which 1s
melted by pressing 1s used, the plate 232 need not be heated.

Therefore, in the stacking process, solely the pressing
operation may be performed without heating, and In the
hardening process, it may be heated for the first time.
However, 1n the case of a resin which melts with pressure,
heating 1s not required at any stage, but 1t 1s effective 1n
improving the fluidity of the adhesive 204 so as to permit
ciiicient impregnation into the sheets 202.

In the fourth and fifth embodiments, collective hardening
1s performed by pressing with the adhesive 204 kept in the
melted state, but 1t 1s not limitative.

For example, depending on the size of the lamination T or
the material of the sheets 202, the adhesive 204 1s kept 1n the
melted state until completion of stacking, or the adhesive
204 1s brought into a uniform, melted state again after
completion of stacking, and then the adhesive 204 1s allowed
to be gradually cooled in the lamination chamber 2350
without pressing so that the generation of warps by contrac-
fion can be prevented. Particularly 1n this case, the adhesive
204 mterposed between the sheets in the lamination 1s
hardened simultaneously almost 1n an even pace. Thus, it 1s
possible to reliably eliminate the occurrence that warps
ogenerated from the lower portion of the lamination are
accumulated as the lamination i1s gradually hardened from
the lower portion thereof and are amplified on the upper
portion of the lamination.

What 1s claimed 1is:

1. An apparatus for forming a three-dimensional object
comprising:

a support surface for supporting a stack of sheet materials,

the support surface being vertically movable,

a stationary pressing surface disposed above the support
surface 1n the vertical direction and arranged and
constructed to press the stack of sheet materials when
the support surface moves to an uppermost vertical
position, and
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means for cutting an uppermost sheet of the stack of sheet
materials into a three-dimensional object effective arca
and a waste arca that will not be part of the three-
dimensional object, the cutting means being disposed
below the stationary pressing surface.

2. An apparatus as 1n claim 1, wherein the cutting means
comprises a knife.

3. An apparatus as 1n claim 1, further comprising means
for heating an entire upper surface of the stack of sheet
materials.

4. An apparatus as 1n claim 1, further comprising means
for applying an adhesive to the uppermost sheet.

5. An apparatus as in claim 4, wherein the adhesive
applying means spreads the adhesive about 0.5 mm out-
wardly from an overlapping area covering both the effective
arca of the uppermost sheet and the effective area of a next
sheet.

6. An apparatus as 1n claim 4, wherein the cutting means
comprises a knife and the adhesive applying means com-
prises an electrostatic transfer means.

7. An apparatus as 1n claim 6, further comprising means
for heating an entire upper surface of the stack of sheet
materials.

8. An apparatus as 1n claim 7, wheremn the adhesive
applying means spreads the adhesive about 0.5 mm out-
wardly from an overlapping area covering both the effective
arca of the uppermost sheet and the effective area of a next
sheet.

9. An apparatus as 1n claim 4, wherein adhesive applying
means applies the adhesive at a pre-determined width that
extends beyond an overlapping area that covers both the
three-dimensional object effective area of the uppermost,
sheet and a three-dimensional objective effective area of a
next sheet that will be stacked on top of the uppermost sheet.

10. An apparatus as in claim 1, wherein the cutting means
moves out of a moving path of the support surface and the
stack of sheet materials when the support surface 1s verti-
cally raised.

11. An apparatus for forming a three-dimensional object
by stacking and gluing sheets together, comprising:

a table arranged and constructed to move 1n a vertical

direction and to support a stack of lower sheets,

means for interposing an adhesive between the stack of
lower sheets and an upper sheet that will be placed on
top of the stack of lower sheets,

means for pressing the upper sheet and the stack of lower
sheets together with the adhesive disposed
therebetween, the pressing means being disposed 1n a
fixed position above the table and pressing the upper

sheet and the stack of lower sheets against the table
when the table 1s vertically raised, and

a cutting knife cutting only the upper sheet into an
cifective area and a waste arca without cutting the
lower sheets, wherein the cutting knife 1s arranged and
constructed to horizontally move between the pressing
means and the table when the table 1s disposed in an
upper sheet cutting position.

12. An apparatus as 1n claim 11, wherein the adhesive 1s
pressure sensitive, and the pressing means comprises a
pressurization surface for simultaneously pressurizing the
entire surface of the upper sheet.

13. An apparatus as 1n claim 11, wherein the interposing
means applies the adhesive to the upper sheet by electro-
static transfer.

14. An apparatus as in claim 11, wherein the adhesive
comprises thermoplastic resins and the pressing means com-
prises a pressurization and heating surface for simulta-
neously pressurizing and heating the entire surface of the
upper sheet.
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15. An apparatus as 1n claim 14, wherein the adhesive 1s
pressure sensitive and the interposing means applies the
adhesive to the upper sheet by electrostatic transfer.

16. An apparatus as 1n claim 15, wherein the interposing
means spreads the adhesive about 0.5 mm outwardly from
an overlapping area covering both the effective area of an
uppermost sheet of the stack of lower sheets and the effec-
five area of the upper sheet.

17. An apparatus as in claim 11, wherein the cutting knife
1s arranged and constructed to move out of a moving path of
the table and the stack of lower sheets when the table is
vertically raised.

18. A sheet lamination modeling apparatus for forming a
three-dimensional object by stacking sheets coated with an
adhesive layer, the apparatus comprising :

vertically movable table for supporting the adhesive-
coated sheets,

a plate having a size sufficient to pressurize the entire
upper surface of the stacked sheets, the plate being
fixed 1n position above the table, wherein the vertically
movable table and the fixed plate are arranged and
constructed to compress the stacked sheets between the
fixed plate and the table by vertically raising the table,
whereby the stacked sheets will be adhered together by
the adhesive layer,

a cutter disposed below the fixed plate and arranged and
constructed to cut only an uppermost sheet of the
stacked sheets 1nto an effective area and a waste area,
and
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an XY plotter disposed below the fixed plate and arranged
and constructed to move said cutter within a horizontal
plane at a vertical height that corresponds to the upper-
most sheet of the stacked sheets when the table 1s 1n a
sheet cutting position.
19. An apparatus as 1n claim 18, further comprising means
for heating the plate to a temperature that activates the
adhesive.

20. An apparatus as 1n claim 18, wherein the table is
arranged and constructed to be lowered by a height corre-
sponding to a thickness of one sheet every time that a new
sheet 1s placed on the stack of sheets.

21. An apparatus as 1n claim 18, further comprising means
for disposing the adhesive layer onto the sheets, wherein the
adhesive 1s spread about 0.5 mm outwardly from an over-
lapping area covering both the effective area of an upper-
most sheet of the stacked sheets and an effective area of a
next lower sheet.

22. An apparatus as 1n claim 21, further comprising means
for heating the plate to a temperature that activates the
adhesive and wherein the table 1s arranged and constructed
to be lowered by a height corresponding to a thickness of
one sheet every time that a new sheet 1s placed on the stack
of sheets.

23. An apparatus as 1n claim 18, wherein the cutter is
arranged and constructed to move out of a moving path of
the table and the stacked sheets when the table 1s vertically
raised.
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